SUMMARY
CASE HISTORY
A 29 kg 18-year-old Chinese male with hereditary motor and sensory neuropathies (HMSN) and paralytic scoliosis underwent elective posterior spinal fusion of the entire spine from the cervical to lumbosacral region with instrumentation. Informed consent was obtained from the boy's guardian for publication of this report (including photographs). The report also complied with the institution's ethical guidelines. The patient had undergone genetic studies and it was thought that he had an untyped form of HMSN, but Charcot-Marie-Tooth disease could not be excluded. He had severe thoracolumbar scoliosis and hyperlordosis and had been wheel chair bound for two years prior to surgery. Physical examination revealed severe muscle wasting and skeletal deformity with a Cobb's angle of 58° from T11 to L3. Cobb's angle is a standardized and most common measure of severity of scoliosis. The more severe the thoracic curve, the greater the Cobb's angle and the more profound the disturbance in pulmonary function. Surgical treatment is usually recommended for curves greater than 45 and up to 50 degrees. Curves greater than 60 degrees are usually associated with decreases in pulmonary function. Consequently, he had severe restrictive lung disease with FVC 51% and FEV1 47% of the predicted values (FEV1/FVC ratio 79%). His muscle weakness was also a contributing factor to poor respiratory function. Although surgery does not improve cardiorespiratory function, it will slow down its deterioration and may prolong life. Surgical treatment might also allow the patient to sit unaided. An electrocardiogram revealed sinus tachycardia (90/min) and a non-specific intraventricular conduction delay. A resting echocardiogram was reported to be normal with a left ventricular ejection fraction of 64%. Haematology, renal and liver function tests were normal and haemoglobin (Hb) was 13.6 g.dl -1 . Preoperative arterial blood gases (ABG) were also normal. He had undergone lower limb surgery in the supine position under general anaesthesia 4 years previously with no perioperative problems.
The patient was not given any premedication but had EMLA® cream applied to the dorsum of both hands one hour before surgery. On arrival at the operating theatre a 22 gauge intravenous catheter was inserted and noninvasive monitoring was started with intermittent automated non-invasive blood pressure, continuous pulse oximetry and three-lead electrocardiography. Preoperative blood pressure was 110/70 mmHg and pulse rate was 105/min. Anaesthesia was induced with thiopentone 150 mg and alfentanil 1000 µg with atracurium 15 mg for muscle relaxation. He was intubated with a 7.0 mm I.D. cuffed oral endotracheal tube. The patient was ventilated with an Ohmeda 7900 (Datex-Ohmeda, Helsinki, Finland), ventilator using the volume control mode. A tidal volume of 300 ml was delivered with a peak airway pressure of 20 cmH 2 O. The ventilator settings remained unchanged throughout the operation and peak airway pressure was recorded between 20 and 29 cmH 2 O. Anaesthesia was maintained with isoflurane in nitrous oxide and oxygen. An alfentanil infusion was commenced at 1 µg/kg/ min. After induction, two large bore intravenous catheters were inserted in the left wrist and left forearm. A double lumen catheter was inserted in the right internal jugular vein and the CVP was monitored continuously. A 22 gauge catheter was inserted in the right radial artery for invasive blood pressure and ABG monitoring. The cardiovascular and respiratory status was normal and stable during induction. The patient was then turned to the prone position with a "Relton" frame ( Figure 1 ) where four padded posts were used to support the patient's shoulders and pelvis. We felt that the use of a "Relton" frame and avoiding the knee-chest position (Figure 2 ) would lessen the cardiovascular instability in this patient. Unfortunately, however, it gave him inadequate support because of his severe lordosis and skeletal deformity, and was abandoned. The knee-chest position was employed instead. Our surgical colleagues prefer this position as venous pooling in the lower limbs decreases venous pressure and bleeding in the surgical field. A rectangular hard foam pad was placed under the patient's chest for support and there was no pressure on the abdomen.
After turning to the prone position and prior to commencement of surgery, blood pressure and heart rate were similar to preoperative values. However, when surgery commenced, there was marked haemodynamic instability. Total surgical time was approximately eight hours. Systolic blood pressure was maintained at approximately 80 mmHg for two hours without the use of any hypotensive techniques and heart rate was around 110-120/min. Two and a half hours into the operation, intermittent boluses of metaraminol 0.25-0.5 mg were required to maintain the systolic blood pressure at around 60-70 mmHg and heart rate had increased to 130-140/min. A total of 3 mg metaraminol was used in two hours before a dopamine infusion was commenced because his blood pressure had decreased further despite administration of metaraminol and fluid replacement. At this point the estimated blood loss was 550 ml (about 25% of his blood volume) and fluid replacement consisted of 2000 ml of crystalloid and 500 ml of colloid. Central venous pressure (CVP) had risen from 15 to 17 mmHg during this period of time. A dopamine infusion was commenced at 5 µg/kg/min and increased to 12 µg/kg/min, resulting in a systolic blood pressure between 55 and 75 mmHg and a CVP of 17 to 18 mmHg. ABG taken approximately every one to two hours showed a worsening metabolic acidosis ( Table 1 ). The surgeons were informed of this progressive deterioration and we decided to continue with the surgery and complete it as quickly as possible. Seven hours into the operation the systolic blood pressure dropped to 40-50 mmHg and an adrenaline infusion at up to 0.1 µg/kg/min was commenced. Possibly due to the adrenaline infusion, heart rate increased to 160-180 per minute. Blood loss was estimated to be 2300 ml. Continuous CVP monitoring revealed a slowly rising trend and at this point it was 20 mmHg. Fluid administration was crystalloid 3000 ml, colloid 200 ml, concentrated red blood cells 900 ml and fresh frozen plasma (FFP) 500 ml. During decortication of the spinal laminae, vigorous surgical manipulation and compression of the thoracic spine on the supportive foam was asso- ciated with several brief episodes of a total loss of cardiac output. At about seven hours and 20 minutes into the operation, the ECG developed peaked T waves and arterial blood was taken for immediate analysis. The ECG deteriorated in the next two minutes with a widened QRS complex. ABG showed a marked metabolic acidosis (pH 7.18, base excess -17) and an elevated potassium level (6.5 mmol/l) ( Table 1) . He was treated with 10% calcium chloride 5 ml and 8.4% sodium bicarbonate 20 ml before the ECG improved. An insulin/dextrose infusion was also commenced with soluble insulin (Actrapid) 5 units in 15 ml of 50% dextrose given over 5 minutes. The pH increased and the potassium level returned to normal (Table 1) . Surgery was then completed within half an hour.
Total estimated blood loss was 2800 ml (about 140% of his estimated blood volume). Two more units of red blood cells (600 ml, i.e. total 1500 ml) were administered before completion of surgery. Upon returning to the supine position, the patient's blood pressure increased to 105/60, which was within 20% of his preoperative values, although the sinus tachycardia of 160/min remained. It was possible to progressively decrease inotropic support and it was stopped within 15 minutes of resuming the supine position.
He had a coagulopathy with moderately elevated prothrombin time (PT) of 26 seconds (11.3-13.2) and international normalized ratio (INR) of 2.2. This was associated with "coffee ground" drainage from his nasogastric tube and approximately 1000 ml of blood from wound drains in the immediate postoperative period. Two more units of fresh FFP were given at this time. The patient was extubated two and half hours later when the wound drainage had decreased, haemodynamic parameters had recovered and his acid-base status had returned to normal.
On day 1 postoperatively liver transaminases were markedly elevated with aspartate aminotransferase (AST) 5052 U/l (Table 2) , alanine aminotransferase (ALT) 5880 U/l and total bilirubin 30 µmol/l. This scenario of elevation of liver transaminases associated with a prolonged period of hypotension was consistent with ischaemic hepatitis. Other causes of impaired liver function were considered unlikely. The patient remained afebrile postoperatively. Serum serology for hepatitis B and C were negative. Although hepatitis A could be included in the differential diagnosis, it was considered unlikely as the patient had no risk factors and no gastrointestinal symptoms; hence it was not screened for. Acute transfusion reaction and haemolysis were excluded by laboratory testing. Although there is an association between X-linked Charcot-Marie-Tooth and liver disease 1 , there was no evidence of X-linked disease in our patient. His liver function returned to normal very quickly after surgery. The patient was treated conservatively and vitamin K was given. AST decreased to 1790 U/l and ALT to 2610 U/l on postoperative day 3. The coagulation profile was normal by day 5 and liver function was normal on day 18.
DISCUSSION
This case illustrates the severe haemodynamic instability that can occur in patients with neuromuscular disorders undergoing corrective scoliosis surgery. Causes of cardiovascular instability include massive blood loss, fluid shifts, the haemodynamic effects of the prone position, hypothermia, co-existing cardiac pathology and venous air embolism and these may coexist. Massive blood loss in a kneeling patient was certainly one of the reasons for this patient's cardiovascular decompensation although aggressive fluid replacement failed to ameliorate his condition. A variety of operating tables or specifically designed frames have been developed to facilitate spinal surgery in the prone position 2 . One of their major objectives is to minimize epidural venous pressure in order to reduce operative site haemorrhage. This can be achieved by decreasing inferior vena cava pressure by allowing the abdomen to hang free and the legs to remain dependent. However, this also leads to a decrease in preload and cardiac output. Wadsworth and colleagues 3 have demonstrated a significant reduction in cardiac index in healthy non-anaesthetized volunteers on going from supine to the knee-chest position (20%) and on the "Relton" frame (17%). An even greater reduction in cardiac index may be expected in anaesthetized and paralysed subjects due to the myocardial depression of anaesthetic agents and increased venous pooling in the lower limbs with muscle relaxation. In addition venous air embolism (VAE) can occur because the frames used in the prone position for spinal surgery may create a negative pressure gradient between the epidural veins and the right atrium. Severe VAE, however, often causes a sudden deterioration in cardiovascular status that will not improve on resumption of the supine position.
Another important consideration is this patient's marked thoracic lordosis and reduced sternovertebral distance. Prone position related severe cardiopulmonary complications have been reported in patients with thoracic lordosis 4, 5 . In these case reports, both patients had acute upper airway obstruction in the prone position. In one, surgery was cancelled due to complete airway obstruction and inability to ventilate and, in the other; ventilation was possible when the thoracic lordosis was reduced by allowing the shoulders and head to hang down. This patient also had episodes of total loss of cardiac output with vigorous surgical compression of the spine. Our patient also had a markedly reduced antero-posterior thoracic diameter (Figure 3) . We believe that external compression of the anterior chest wall on the supporting foam during surgery could have caused significant reduction in ventricular filling and cardiac output. These effects would also have been exacerbated by his asthenic build and reduced muscle mass secondary to neuromuscular disease. This would have been exacerbated by intraoperative blood loss. With a significant mechanical obstruction to ventricular filling, it will not be possible to correct cardiovascular instability with inotropes or fluid resuscitation. This explanation is supported by the high CVP and marked improvement seen with resumption of the supine position.
The use of a different frame may prevent such intraoperative cardiovascular disturbance. The "Relton" frame exerts no pressure on the patient's anterior chest wall but it gave poor support to this patient with severe skeletal deformity. The "Wilson" frame is an alternative as it also exerts less external pressure on the patient's anterior chest wall. However surgeons normally prefer knee-chest as it provides the best support and also the least venous oozing. Bandaging the legs might be useful in reducing venous pooling and cardiovascular instability, but it may also negate the possible benefits in relation to surgical bleeding. In patients with severe skeletal deformity and thoracic lordoscoliosis, we now recommend trying different frames prior to general anaesthesia and observing for signs and symptoms of discomfort and cardiovascular or respiratory disturbance. However one still needs a high degree of caution as corrective spinal surgery for severe scoliosis is a high risk procedure. It is important to anticipate the presence of other factors during the actual surgery which may affect a patient's haemodynamic status. Other benefits of awake positioning include identification of possible airway problems and pressure sore areas. It is apparent that, in this type of case, the use of invasive blood pressure monitoring is essential. Not only does it immediately and accurately reflect blood pressure fluctuations, it also allows frequent and convenient arterial blood sampling for close monitoring of acid-base and electrolyte disturbances. Portable arterial blood gas analysis systems are also particularly helpful in such settings. Central venous pressure monitoring reflects changes in right ventricular preload and it can be used as a guide of adequacy of intravascular volume status. However the prone position can cause a significant increase in CVP 6 , hence the trend may be more useful than the actual value. Moreover it may not be an accurate indication of left ventricular end diastolic pressure. The use of a pulmonary artery catheter would have been more useful but is associated with significant morbidity in itself 7 . Soliman and colleagues 8 have advocated the use of transoesophageal echocardiography in this type of surgery as it is an excellent monitor of real time ventricular size and function and a sensitive detector of gas embolism. We have also found this useful also but did not have a paediatric probe appropriate for this small patient.
Alexianu and colleagues 9 recently reported that a child with neurofibromatosis, scoliosis and pectus excavatum developed severe hypotension when positioned prone. A transoesophageal echocardiograph revealed compression of the right ventricle by the sternum. The authors also support the utility of intraoperative transoesophageal echocardiography for this type of surgery in patients with severe skeletal deformity.
The cause of this patient's severe hepatitis is likely to be prolonged hypotension resulting in hypoperfusion and ischaemia of hepatocytes. However prolonged hypotension does not always result in ischaemic hepatitis and the pathophysiology is poorly understood. Up to half of the liver blood volume can be mobilized into the systemic circulation following sympathetic stimulation without compromising liver function. Seeto and others have shown in a cohort study that severe underlying cardiac disease, which often leads to passive congestion of the liver, may predispose a patient to ischaemic hepatitis during prolonged hypotension 10 . Our patient did not have any apparent underlying cardiac disorder and his preoperative echocardiograph was normal. He also had normal preoperative hepatic function. We believe his hypotension was largely due to mechanical obstruction to ventricular filling, which in turn would have raised central venous pressure and subsequently caused liver congestion. The liver is susceptible to congestion following a rise in central venous pressure because the plasma is in free communication with liver sinusoids 11 . The combination of hypotension and hepatic congestion is likely to be the cause of ischaemic hepatitis in this patient.
In conclusion, this case demonstrates that the prone position and surgical manipulation during corrective spinal surgery can have severe deleterious cardiovascular effects and subsequent hepatic damage in neuromusculopathic patients with chest wall deformity. Although frames have been developed to facilitate spinal surgery and reduce bleeding from the operative site, they may also have important effects on patients' haemodynamic and respiratory function.
Unfortunately, operating tables and patient supports seem to have made little progress in a century to address these potential haemodynamic and cardiac compression problems. We suggest that preoperative assessment of such patients should include individual evaluation of different supports and frames in the prone position in order to select one that causes no or least disturbance to patients' cardiovascular and respiratory function. Appreciation of these potential problems is important for anaesthetists and surgeons, and good communication is important throughout different phases of the perioperative period. Furthermore, the usefulness of invasive and frequent intensive monitoring of the patient's haemodynamic, metabolic and biochemical status in these patients is illustrated in this case.
